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The Positioning of Algebraic Topics in
the Hong Kong Elementary School
Mathematics Curriculum

Ngai-Ying Wong, Hong Kong (China)

Abstract: Whether we should include algebra into elementary
school mathematics curricula and how it should be included are
issues without straightforward answers. The transition from
arithmetic to algebra is also a worldwide pedagogical issue.
There have been debates about whether all algebraic topics
should be transferred from the elementary to the secondary
curriculum during the latest curriculum revision in Hong Kong,
especially at the time when almost all students enjoy nine years
of free education beginning in Grade 1. Therefore, there is no
need to consider the elementary and secondary curricula
separately. The first Hong Kong elementary mathematics
curriculum was published in 1967 (before this point, Hong
Kong only had an arithmetic curriculum) and revised several
times (in 1973, 1983, 1996, and 2000). By interviewing various
key persons involved in the curriculum development during
each of these periods, we realized that it is not just a matter of
“what” kind of algebraic topics should be taught, and “when”
they should be taught. Rather, the positioning of algebra in the
elementary school mathematics curriculum is related to “why”
and “how” algebra should be learned. Such an analysis should
not only inform curriculum planners, but also shed light on the
learning and teaching of algebra in elementary schools.

Kurzreferat:  Ob Algebra in das Grundschulcurriculum
aufgenommen werden sollte und wie es berücksichtigt werden
sollte, ist ein offenes Problem. Der Übergang von Arithmetik zu
Algebra ist auch weltweit ein pädagogisches Thema. In
Hongkong gab es während der letzten Curriculumsreform
Debatten darüber, ob alle Algebra-Themen vom Grundschul-
Curriculum ins Sekundarstufen-Curriculum übernommen
werden sollen, insbesondere in Zeiten, wo fast alle Lernenden
für die ersten neun Schuljahre eine kostenlose Ausbildung
genießen. Von daher ist es nicht nötig, Grundschule und
Sekundarstufe getrennt voneinander zu betrachten. Das erste
Grundschul-Mathematik-Curriculum von Hongkong wurde
1967 veröffentlicht (davor hatte Hongkong nur ein Arithmetik-
Curriculum) und mehrfach verändert (in 1973, 1983, 1996 und
2000). Durch Interviews mit verschiedenen Schlüssel-
persönlichkeiten aller genannten Perioden der Curriculums-
Entwicklungen haben wir festgestellt, dass es nicht nur darum
geht, “welche” Art von algebraischen Inhalten und “wann” sie
unterrichtet werden sollen. Die Positionierung von Algebra im
Grundschul-Curriculum ist verbunden mit der Frage nach dem
“warum” und “wie” Algebra gelernt werden soll. Eine solche
Analyse sollte nicht nur als Information für Curriculums-Planer
dienen, sondern auch das Augenmerk auf das Lernen und
Lehren von Algebra  in Grundschulen lenken.

ZDM-Classification: D30, H20

1. Introduction
Whereas there has been a lot of discussion about the
transition from the learning of arithmetic to that of
algebra (e.g., Driscoll 1999), the positioning of algebra in
the curriculum is less straightforward. Should algebra be

taught in elementary schools? If so, what topics of the
domain? At which grade levels should these topics be
placed, and how can they be linked up with arithmetic?
This article tries to look into the issue by investigating the
evolution of the Hong Kong elementary mathematics
curriculum, and to support analysis by interviewing
several key people who took part in the development of
various editions of the curriculum.

2. The Hong Kong elementary mathematics
curriculum
Hong Kong has provided free and compulsory elementary
education since 1971, which was later extended to the
first 9 years in 1979 (Wong 1993, 1998). A young person
growing up in Hong Kong receives six years of
compulsory elementary education, followed by three
years of compulsory junior secondary education (Grades
7–9). Over 90% of these students remain in school
afterwards and take the Hong Kong Certificate of
Education Examination after Grade 11. In these two years
(Grades 10–11), General Mathematics is a core subject,
and about 25% of the students who are more
mathematically oriented take the elective subject of
Additional Mathematics. Those who get high scores in
the examination can get a place in the matriculation class
(Grades 12–13) before they take the Advanced Level
Examination for university entrance. Such a “6-3-2-2-3”
(6 years of elementary, 3 years of junior secondary, 2
years of senior secondary, 2 years of matriculation, 3
years of university) system has recently undergone
review and it has been proposed to change to a “6-3-3-4”
(6 years of elementary, 3 years of junior secondary, 3
years of senior secondary, 4 years of university) system.

The first elementary mathematics curriculum was
issued by the Education Department in 1967. Before that,
Hong Kong only had an Arithmetic syllabus, which can
be dated back to at least 1957. The 1967 elementary
mathematics curriculum was influenced highly by
Nuffield mathematics, and partially by the Modern
Mathematics movement. A few years after the Modern
Mathematics project had been implemented in some
Hong Kong secondary schools in 1964 (which was
expanded to a large portion of secondary schools a few
years later1), there were discussions about whether
Modern Mathematics should be implemented in
elementary schools (Fung 1967). In spite of the
controversies brought about by Modern Mathematics, the
Education Department finally found a way out by
downplaying some aspects of Modern Mathematics and
replacing them with some of the ideas of Nuffield
mathematics (Fung 1967). 2

The elementary mathematics curriculum was revised in
1973, the same year the Curriculum Development
Committee in the Education Department was established.
The 1973 curriculum sought to address a number of
changes in education at that time, namely, the
introduction of the metric system, compulsory elementary
education, and the “activity approach” for increasing the
liveliness of teaching and learning. The school
mathematics curriculum resettled itself from the Modern
Mathematics movement and the elementary and
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secondary school mathematics curricula were restructured
in 1983 and 1985. It was the first time when teaching
recommendations were introduced in the syllabus,
previously, only various topics were listed.

To address the various problems that appeared in
during universal education period, the Target Oriented
Curriculum was put forth in the early 1990s. It was meant
to be a curriculum framework across all subjects. The
curriculum was developed, as a start, in the three core
subjects of Chinese language, English language, and
mathematics. The intention of the curriculum framework
was “to provide clear learning targets to help teachers and
schools develop more lively and effective approaches to
teaching, learning and assessment” (Education
Department 1994, p. 26). The Target Oriented
Curriculum identified learning targets within the four key
stages of Grades 1–3, 4–6, 7–9, and 10–11. Assessment
of these targets would be judged with reference to eight
bands of performance. In the subject of mathematics,
only content areas were considered and “the five
dimensions of number, measure, algebra, shape & space,
and data handling were identified. These five strands
were incorporated with process abilities of mathematical
conceptualization, inquiry, reasoning, communication,
application and problem solving” (Curriculum
Development Council 1992, p. 12).

The Target Oriented Curriculum brought about heated
debates within education circles, in general, and the
mathematics education community, in particular. The Ad
Hoc Committee on Holistic Review of the Mathematics
Curriculum, directly under the Curriculum Development
Council, was set up in 1997. The Committee released its
final report at the end of 1999. The new secondary and
elementary mathematics curricula were published in 1999
and 2000 respectively.

3. The introduction of algebra into elementary
mathematics

3.1 Introduction of symbols—A low key
Modern Mathematics was introduced into Hong Kong in
the early 1960s. The implementation of the idea was
started in a secondary school in 1964, and it was then
spread through the whole territory in subsequent years,
with the publication of various popular textbooks both in
English and in Chinese. Like many other countries,
symbolic logic, set, binary operations, matrices,
coordinate geometry, linear transformation, and statistics
and probability were introduced into the school
mathematics curriculum. New teaching ideas such as the
discovery method and a spiral approach were also
advocated.

After a few years of implementation, it was time to
decide whether to extend the curriculum reform into the
elementary mathematics curriculum, despite the various
controversies toward Modern Mathematics, among which
the mismatch of teacher preparation was one of them.
The crossroads situation is well expressed in Fung
(1967):

“Due to the need of this age, the implementation of the new
curriculum in the secondary schools is an obvious decision, but

what should we do with elementary mathematics?

- Is there a need to follow the secondary school to teach
Modern Mathematics?

- If there is a need, what should be taught?
- How to teach?
- And, is it feasible to teach modern mathematics in

elementary schools?” (p. 34)

At the same time, in line with the changes happening in
the United Kingdom, it was decided to extend the
arithmetic syllabus into mathematics in elementary
schools. In the United Kingdom, elementary school
mathematics was defined as a composition of the strands
of number and algebra (Fung 1967). Thus, the
introduction of algebra into elementary mathematics
seemed to be a natural move. In fact, Mr. Fung was sent
to the United Kingdom in 1964 for learning something
about “color factors” originally. He came across Nuffield
mathematics during his stay and, as a result, wrote the
article “A New Approach in Elementary Mathematics:
Introducing the Nuffield Mathematics Project”. During an
interview with Mr. Fung (in 2002), he recollected that,
with the introduction of Nuffield mathematics, he and his
colleagues had successfully downplayed some of the
notions in Modern Mathematics (for which he is proud),
thus avoiding possible controversies in the elementary
mathematics curriculum reform in the 1960s. In fact, his
colleague Mr. Kwok attended the commonwealth school
mathematics conference in 1968 in Trinidad and listened
to the lecture by Ms. E.E. Biggs, one of the initiators of
Nuffield mathematics. Ms. Biggs was invited by the
Education Department (of the Hong Kong government) to
visit Hong Kong twice in the following year, conducting
workshops for inspectors.

The measures that Mr. Fung and his colleagues took in
“slipping” the notions of Modern Mathematics into the
curriculum included the use of action words like “sort”,
“compare”, and “classify” to avoid the formal definition
of “sets” and Venn diagrams. Algebra was another area
they had to handle. Mr. Fung recollected:

 “Obviously the first thing that is requested [by officials in the
secondary sector] to be put into the elementary mathematics
curriculum is algebra … in fact, we already have algebra in
Grade 1, but we did not use the term ‘algebra’ explicitly, instead
we use the terms ‘symbol’ as a replacement.… such a way of
handling was suggested by Mr. John Pau3 and Mr. S.L. Ho. Ho
[he is one of the key persons in the Modern Mathematics reform
in the secondary schools in Hong Kong] is a very pragmatic
person and he learned a lesson from the Modern Mathematics
he himself initiated”. 4

The classifications of different types of triangles and
quadrilaterals are typical examples of the use of Venn
diagrams in elementary mathematics. Therefore, in line
with the spiral approach popular at that time, algebra was
introduced into the first Hong Kong elementary
mathematics curriculum with various topics arranged in
different levels (see Appendix for details):
- Grade 1: introduction of symbols, commutative law
- Grade 3: formal introduction of symbols, x, y
- Grade 6: Very simple equations

One may notice that the algebraic topics were spread
out through different grade levels. In a sense, algebra was
not introduced after students had received full
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acquaintance with arithmetic. Rather, these two tracks
were intertwined in the course of learning—a possible
influence of the spiral approach. We see that symbols
were positioned as unknowns to be found (___), but
not as mere letter representations of numbers (e.g.,
elements of a group). Yet students were not expected to
set up and solve equations by transposition of terms until
senior primary levels. “Combinations of numbers not
bigger than 18” were learned one by one. Students were
taught to be acquainted with various ways of
decomposing numbers (please refer to Fig. 2) such as 7 =
1 + 6 = 2 + 5 = 3 + 4 = 4 + 3 = 5 + 2 = 6 + 1 (by means of
games and other activities5), so that when one is asked “?
+ 5 = 7”, students are expected to get the answer “2”
without going through any (algebraic) steps. They just
learn by associations (see also Fig. 2). This is different
from the Chinese curriculum in which one is expected to
perform subtraction when one is asked “since 1 + 2 = 3, 1
+ ( ) = 3?” (Cai et al. 2004). Though such procedures
could be considered as “arithmetic” more than
“algebraic”, the algebraic symbols (in the disguise of o)
were simultaneously introduced.

3.2 Counteracting rote-learning
One of the purposes of introducing the commutative
property of multiplication was to relieve the burden of
reciting the rhyme of a multiplication table which was
very popular at that time. The use of rhymes to depict
different skills in mathematics has a long tradition in

Figure 1: Multiplication table at the back of an exercise book.

China and was also identified as one of the characteristics
of Chinese mathematics (Zhang 1993). The rhyme of a
multiplication table also has an ancient origin and there
are a lot of stories related to it. Students used to recite the

rhyme as a song at an early age and it helped them to
memorize the multiplication of single-digit numbers. It
was so popular that the rhyme was often printed at the
back of exercise books (Fig. 1). However, in those times
when education was competitive, parents and teachers
tended to press students at an early age, sometimes as
early as Grade 1 (if not earlier), to recite these rhymes.
Students could do nothing but rote-memorize the rhyme
without understanding. To counteract the situation,
teachers were asked to introduce the multiplication of
single-digit numbers step by step to make students
recognize the patterns involved. First, multiplication was
introduced as “repeated addition”. Multiplication by 2 is
learned first, and the products are just the even numbers.
It would be followed by multiplication by 3. After that,
one learns multiplication by 3 and 4. At this point,
instruction turns to multiplication by 9 (or even by 8) and
students are guided to realize that 1 is “deducted” (in the
unit digit) when we increase the multiplier (9, 18, 27, …).
If multiplication by 8 is not introduced here, what is left
is multiplication by 6, 7, and 8. Here the commutative
property comes into play. For example, 4 ¥ 8 can be
easily calculated by the previously acquired knowledge of
multiplication by 4, since 4 ¥ 8 = 8 ¥ 4. Thus, what one
needs to memorize is only the products of 6 ¥ 6, 6 ¥ 7, 6
¥ 8, 7 ¥ 7, 7 ¥ 8, and 8 ¥ 8, which can be done “without
tears”.

Another issue that the curriculum developers wished to
tackle was that of rote-memorization of stereotypical
arithmetic word problems. The analysis of “problem
types” is another feature of mathematics education in
China, in general, and in Hong Kong, in particular.
Mathematics education in Hong Kong, especially in the
early days, was strongly influenced by that in the
mainland of China. There was a tradition of identifying
stereotypical word problems and turning them into rules.
For instance, for the Sum and Difference Problem (find
the two numbers when their sum and difference are
given), the rule is “the bigger number is to add the sum
and difference together and then divide by two; the
smaller number is to subtract the sum by the difference
and then divide by 2”. That is, for x + y = s, x – y = d, we
have x = (s + d)/2 and y = (s – d)/2. There was also the
Water Current Problem (find the speeds of the current
and of the boat in still water if the speeds of the boat with
and against the current is known), the Meeting Problem
(two people traveling in opposite directions with different
speeds, when will they meet), the Catch-up Problem
(traveling in the same direction, when will one catch up
to the other), the Chicken and Rabbit Problems (knowing
the numbers of heads and legs, find the numbers of
chicken and rabbits—this originates from an ancient
Chinese mathematics classic), the Planting Problem (a
plant is erected for every equal distance, how long is the
distance between the first and the nth plant), the Task
Problem (how many days fewer if we have n  workers
more), the Thermometer Problem (converting from
Fahrenheit to Celsius), the Age Problem (the father’s age
is double the son’s, two years later, …), the Clock
Problem (when will the two arms overlap between 1 p.m.
and 2 p.m.), etc. Originally, these problems were meant
to be convenient ways to help memorize all the methods;
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however, sooner or later, students were trained just to
follow the routine of “memorizing facts ‡  applying
algorithms ‡ following memorized rules ‡ calculating a
result” (Heddens 1997). Not only did students apply these
rules without understanding, they were also burdened by
the recitation of all these rules.

With the introduction of “very simple equations” in
Grade 6, it was hoped that the algebraic method could
replace this whole basket of rule-memorization. For
instance, when one is faced with the Sum and Difference
Problem, with sum = 12 and difference = 2, one can let
the smaller number be x, then the larger one will be x + 2.
By solving x + x + 2 = 12, one gets the answer. Mr. Fung
mentioned in the interview that one of the main tasks of
the elementary mathematics curriculum development
during the early 1970s (between 1967 and 1973) was to
eliminate the rote-memorization of these stereotypical
word problems. Though we do not see any difference in
the 1967 and 1973 curriculum documents, much work
was done through teacher education programs,
workshops, and teacher centers.

Although there are arguments that symbols should not
be introduced to students who have not yet reached the
formal operational stage (around the age of 12–13; see,
e.g., Bell 1978, p. 101–103), Mr. P.M. Lam, another
inspector at that time (now retired), also agreed with the
introduction of equations into elementary mathematics. In
an interview conducted in 2002, he stated:

“Since I have experience of teaching both elementary and
secondary schools, I read through both curricula. I think it is
right to introduce algebra into elementary mathematics. The
reason is: it would cause inconvenience if otherwise. Why? [If
you imagine that algebra were not taught in elementary
schools,] when you introduce equations in Secondary 1 and 2
[Grades 7 and 8], you must start from the fundamentals. The
students would then simply ignore you [the teacher] since they
would solve all these problems easily with the arithmetic rules
they are so familiar with. [The student would ask] why do I
need to set up an equation? … and when we progress to more
complicated problems, the students no longer find the arithmetic
method applicable, nor have they acquired the algebraic method
for solving them [since they have overlooked the algebraic
method right from the start].”

In a sense, the “simple equations” in elementary
curriculum, to Mr. Lam, served as a springboard or
scaffolding for the learning of algebra in secondary
schools.

4. The downplaying of algebraic symbols
Along with the implementation of free elementary
education in 1971, the school curriculum was
restructured. This finally led to the establishment of the
Curriculum Development Committee in 1973 and,
accordingly, the elementary mathematics curriculum was
revised. The change was minimal, however, with the only
major change related to the introduction of the metric
system in 1972. Due to such a change, a large amount of
calculations on conversion of scales (e.g., from inches to
centimeters and from inches to feet) that had been
frustrating a lot of children was found to no longer be
necessary.

The education system experienced quite a number of
changes during the period 1973–1983. The full
implementation of universal education and the complete
use of the metric system were some of them. Different
measures were introduced to support such changes. To
add more liveliness in learning, the Education Television
program and the activity approach were introduced in
1971 and 1972, respectively. The Secondary School
Entrance Examination was replaced by the less
intimidating Aptitude Test in 1976. All these changes led
to the introduction of a new elementary school
curriculum which was released in the early 1980s. A draft
of the new syllabus was released in 1980 for consultation,
with its final version being published in 1983. In an
interview, Mr. Fung insisted that the 1983 syllabus was
not an actual reform. He held that the actual reform took
place in 1967. Subsequent versions were only further
revisions along that line. In particular, the 1983 edition
was published (only) under the request of the cross-
subject Curriculum Development Committee. At the
same time, according to Mr. Fung, as many of the
teaching ideas in the 1967/1973 syllabus were being
implemented in colleges of education, teacher workshops,
and in the real classroom, it was time to have these ideas
compiled and presented in the curriculum document. As a
result, the “five column format” was adopted in the 1983
syllabus, in which “notes on teaching/suggestions for
pupils’ activities” were listed.6

However, at junior elementary level, we see a
downplaying of algebraic symbols in the 1983 edition.
Algebraic symbols were only formally introduced at
Grade 4. Though problems like “3 + o = 4” still exist in
Grade 1, virtually, “o” is treated no more than “filling
the blanks” problems. For instance, we can have
problems like “3 + _ = 4”, “3 + ? = 4”, etc. Obviously,
the topic is not positioned as the introduction of symbols
but as the “combinations of numbers”. All symbols like
“y” (which were formerly found in Grade 3) were taken
away (see Fig. 2).

Dr. M.Y. Ngan, an experienced teacher and a member
of the Curriculum Development Council (during
1993–1997), pointed out another facet of this issue during
an interview conducted in 2004. Using a letter to
represent an object has wider meaning than solving
algebraic equations. It is a start of using representations,
which can be found in other topics like pictograms in data
handling. An apple or an orange can also be used in place
of symbols (see Fig. 2). In fact, we can see the use of a
question mark, a picture, a word, a blank, or a box to
represent unknown values in the Chinese, Singaporean,
and South Korean curricula (Cai et al. 2004), but in Hong
Kong, such representations are not confined to unknowns.

The elementary mathematics curriculum was further
revised in the 1990s due to the introduction of the Target
Oriented Curriculum, which was implemented in three
subjects: Chinese, English, and mathematics. Algebraic
notion was further downplayed. According to Mrs.
Cheung,7 an official of the Education Department who
was involved in the revision, though problems like “3 +
o = 4” were no longer explicitly stated in the 1996/2000
edition, the teaching of such problems is still there.
Definitely they are considered as “combination of
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numbers” rather than the introduction of algebraic
symbols. One of the reasons for the trimming down is
that “the content in junior elementary mathematics is
really too packed”. Another reason is the criticism of the

“spiral approach”. Teachers complained that the
curriculum is “spiraling too much”, thus, there was a
trend of grouping some of the topics together. Mrs.
Cheung also indicated that some teachers even reflected
that because in previous versions of the syllabus, algebra
in senior elementary mathematics spread through Grades
4 to 6, “students simply forget everything learned in
Grade 4 when they were promoted to Grade 5 and
teachers have to teach all over again”. Therefore, it was
decided to merge those topics that were formally taught
in Grade 4 to Grade 5. Since the ideas of “Key Stage” and
school-based curriculum were advocated, theoretically,
individual schools can arrange their own teaching
schedule. However, most schools basically follow
popular textbooks, and algebra will be taught only in
Grades 5 and 6.

Mrs. Cheung did not recall any disagreement within the
Curriculum Development Council on retaining algebraic
topics in the elementary mathematics curriculum.
However, she did hear different opinions from frontline
teachers. Whereas those average students did find
difficulties in learning such topics, the teachers of more
able students urged that algebraic topics should not be
taken away. The setting up of equations provides a
powerful tool to solve various problems8 which would
become very tedious otherwise.

Dr. Ngan made similar recollections that though there
had been occasional suggestions, especially from the
secondary sector, with regard to moving all algebraic
topics out of elementary mathematics, these suggestions
did not find echo in the Council. The issue was not the

concern of frontline teachers as reflected by the opinion
survey on the 2000 syllabus, which was conducted to all
elementary schools (Education Department 1997).

According to both Mrs. Cheung and Dr. Ngan, the only
amendment to the topic “simple equations” was to restrict
the difficulties of the problems involved, in response to
the criticisms that the problems found in some textbooks
were over-complicated. Equations must be solvable in not
more than two steps, and the unknown can only appear
once (so there is no grouping of like terms).

As for the use of algebraic methods to solve problems
that can be solved by arithmetic means (or can even be
done simply by observation or mental calculations, for
example, “find the two numbers if their sum is 5 and the
difference is 1”), the issue could be a general one. When
we want the students to progress to a more powerful tool
(whether from arithmetic to algebra, from linear
equations to simultaneous equations in two unknowns, or
from systems of linear equations to matrices), there could
always be a dilemma of when the transition should occur.
On the one hand, when we first let students get very
familiar with a less powerful tool, they will find the more
powerful tool too complicated because they have become
used to the less powerful method. On the other hand, the
introduction of the more powerful methods would create
disturbance when students are not ready. This dilemma
had previously been expressed by Mr. Lam (see above).
Mrs. Cheung mentioned that in the current curriculum
setting, more autonomy has been given to frontline
teachers (and to students alike). It was recommended that
the arithmetic method could also be used after
introducing the algebraic method. Not only that, “the
teachers should discuss with the students which method is
more convenient in different contexts. Gradually the
students should judge for themselves which of the
methods should be applied”.

Virtually, there is no difference between the 1996 and
2000 versions of the curriculum. The only thing one
might notice is that the “number” and “algebra”
dimensions are merged in the latter. According to another
official, Ms. Tang,9 this merger displays a continuation of
learning from number to algebra.

5. Discussion: The “why”, “what”, “when” and “how”
of introducing algebra into the elementary
mathematics
From the above historical account, we can see the shifts
of positioning of algebra in the Hong Kong elementary
mathematics curriculum. In the 1960s, a child would have
his/her first encounter with algebra at the start of his/her
elementary schooling. Alongside with simple addition
and subtraction of counting numbers, the use of symbols
to represent unknowns already entered the child’s
mathematics learning. Initially, the symbol may appear in
the form of a blank or an empty box (o), gradually (in
Grade 3), the algebraic symbol “x” was formally
introduced. The “ultimate goal” of the learning of algebra
at elementary school level is the solving of simple
equations, in which previous knowledge in algebra is
applied. As mentioned above, the flow of learning is:
- Grade 1: introduction of symbols, commutative law

Figure 2: A page from a popular Hong Kong grade 1
textbook (Lam & Chan 2002, p. 24).



Analyses ZDM 2005 Vol. 37 (1)

28

- Grade 3: formal introduction of symbols, x, y
- Grade 6: very simple equations

When one contrasts with the situation in the 1980s, the
child concentrated his/her learning in arithmetic at junior
levels. Though traces of algebra can also be found at that
level, obviously it was much downplayed. The child did
not have his/her first acquaintance with algebra until
Grade 4 when symbols were formally introduced through
exercises like

The flow becomes:
- Grade 4: formal introduction of symbols
- Grade 5–6: very simple equations
One can see that the launching from arithmetic to algebra
follows a quicker path (please refer to Appendix for
details).

From such an analysis, we come to a clear picture that
the treatment of algebra has changed in the period.
Algebra was introduced in the 1960s both for the sake of
symbol sense and for solving of equations, so as to
illustrate the advantage of algebra (over arithmetic) in
solving some of the word problems. Obviously, the
treatment of algebra is more or less focused on the
solving of equations in subsequent curriculum changes.
In a sense, algebra was downplayed and the opinion of
leaving the learning of algebra to the secondary level was
occasionally heard.

Before going into further discussion, let us turn for a
moment to the notions of algebra and algebraic thinking.
As pointed out in Driscoll (1999):

“Because algebra comprises so many mathematical features, the
term algebraic thinking defies simple definition.... For example,
some focus on the abstract features that distinguish algebra from
arithmetic. With that perspective, they might characterize
algebraic thinking as ‘the ability to operate on an unknown
quantity as if the quantity was known, in contrast to arithmetic
reasoning which involves operations on known quantities’
(Langrall & Swafford 1997, p. 2). Others focus on the important
role that functions play in algebra, and may characterize
algebraic thinking as the capacity to represent quantitative
situations so that relations among variables become apparent.
Yet others may have problem solving as their point of reference
for thinking about algebra and for thinking algebraically, and
might concern themselves with how problem solving model
problems.” (p. 1)

Whereas Bass (1998) adopted, in his words, a
traditional working definition of algebra, which is the
totality of the number system, the arithmetic operations,
linear ordering, and equations, we see the inclusion of
various “thinking habits” in other studies. For instance,
examination of quantitative relationships from different
perspectives (both arithmetically and algebraically);
algebraic ways of representing quantitative relationships
including reverse operations to solve problems;
generalization from specific examples; analysis between
parts and wholes; doing and undoing were identified in a
cross-cultural comparative study (Cai et al. 2004).

In brief, both the “product (content)” and “process”
aspects of algebra and algebraic thinking were found in
literature. And when we look at the historical origin of
algebra, it is commonly known that the word “algebra”
originates from the Arabic “al-jabr”, which means
restoration and refers to putting the unknown as the
subject. Certainly, that is closely related to the finding of
the unknown from an equation (of a system of
equations).10 Yet there is another meaning found in
Kholasat al-Hisab (Essence of Arithmetic) of Beha Eddin
(around 1600): “al-jabr” refers to the procedures like
transforming “bx + 2q = x2 + bx –q” into “bx + 2q + q =
x2 + bx”, and “al-muqabalah” refers to the procedure of
further transforming it to “3q = x2”. Therefore, to these
ancestors, algebraic techniques comprise both the skills
of combining like terms and eliminating the same terms
from both sides of an equation to restore the balance
(Liang 1992). Thus, symbol sense and symbolic
manipulations could be another facet of algebra.

Anyway, before such symbolic manipulations, one has
to represent the unknown by a symbol. In fact, that is the
meaning of the Chinese translation “daishu__” :
substituting something by a letter or by a symbol.
Solutions to equations, including quadratic ones, were
already known to the Chinese in the first century. Letters
(“The Heaven’s Element”, __) were used to represent
unknowns in equations in the 11th century, which
gradually developed into the “Method of Four Elements”
(___, solution to system of equations in four
unknowns). When Wylie and Li translated Loomis’
Elements of Analytical Geometry and Differential and
Integral Calculus (1850) in 1872, the translator equated
algebra with the “Method of Four Elements” in the
preface. Liang (1992) mentioned in the preface of his
book that “The method of algebra is: no matter for what
number, one can always substitute it by a symbol”. Thus,
besides representing a number, a symbol may also
represent a “series of numbers”, a member of a specified
set of values (x Œ  A), or even a real variable (x Œ  R).
This is concerned with the notions of variables and
functions.

So, if we focus ourselves on algebraic topics in the
mathematics curriculum at the elementary school level,
they may include symbolic representation, symbolic
manipulation, balancing both sides of an equation, and
finding the solution by using an unknown and setting up
an equation, in addition to other algebraic thinking
components which are spread throughout the entire
curriculum. Probably, symbolic manipulation, which
requires more skills, is only treated at the secondary level.

In conclusion, algebra was first introduced for the sake
of developing symbol sense in the lower grades and
gradually the use of equations to solve problems. This
was a consequence of Modern Mathematics movement.
There are two “why” issues here: introducing algebraic
symbols for their own sake, and counteracting rote-
learning that often resulted from stereotypical arithmetic
word problems. As time went by, the first reason was
downplayed, partially because students found it difficult
to learn abstract symbols at an early age. The curriculum
finally settled in its present format of learning algebraic

3
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symbols for a rather practical reason: solving of
equations. Symbols are learned in such a context.

Obviously, the “why” influences the “what” one would
choose. Mere substituting (mathematical) objects with
symbols would not be taught in isolation. Though it was
decided that symbols would not be introduced formally in
the junior grades, there was still one issue to be handled.
In the 1983 edition of the curriculum, algebraic symbols
were taught separately one grade level earlier than
equations were introduced, but the two were merged in
the subsequent edition (though they were still treated as
separate learning units). There could be an advantage in
such an arrangement: symbols were learned in the context
of equations so that students would know the function
and use of algebraic symbols. However, it was also
pointed out in an interview (with Dr. Ngan) that symbols
and representations should have a wider meaning than
solving algebraic equations.

The “when” issue was also thoroughly discussed. In the
Hong Kong context, it seems that there was not much
concern about when students could be ready (in terms of
cognitive maturity) to learn abstract symbols, but the
timing affects how well the topic is received by the
students. Clearly, we can see that the decision was largely
influenced by the practical reason of finding the solution
to equations rather than students’ actual thinking
processes, including how the problem is formulated and
(mathematically) modeled. An efficient way to find the
answer is always a major concern in many classrooms,
particularly in Hong Kong (Lampert 1990). Thus, the
outcome of learning should also be dependent on how
algebra is presented. In fact, in those stereotypical word
problems, we do find arithmetic thinking, worthwhile
thinking in and of itself. Likewise, algebraic thinking
should be treated as worth acquiring rather than just as a
means to find the solution to an equation. Awkward
conventions such as the requirement of finding the
answer in one sequence,11 which are still practiced in
some schools, make the situation even worse.

Though the transition from arithmetic thinking to
algebraic thinking (and this cognitive gap can be bridged)
(Driscoll 1999; Kieran in press; Moyer, Huinker, & Cai
2004) is one major issue in mathematics learning, in the
Hong Kong elementary school curriculum, algebra,
particularly symbols, are quite side by side with
arithmetic. Allowing flexibility in the time of introducing
algebraic methods to elementary school students in the
latest curriculum is indeed an advancement. If students
are exposed to both arithmetic and algebraic (and even
other) methods to solve simple equations and are given
the opportunity to discuss and compare these methods,
they will finally begin to consider simple problems from
multiple perspectives and become more open-minded.
Their problem-solving abilities would be enhanced too.

6. Notes
1 Please refer to Wong and Wong (2001) for details of the

development of Modern Mathematics in Hong Kong
secondary schools.

2 Mr. Y. Fung was an official in the Education Department and
one of the key people involved in the development of
elementary mathematics curricula from the 1960s to the

1980s. He was sent to the United Kingdom for professional
development in 1964 where he came across Nuffield
mathematics. Ms. E.E. Biggs, the central figure of Nuffield
mathematics, was invited to Hong Kong for seminars in 1969.

3 Mr. Pau was the senior of Mr. Fung and sent Mr. Fung to the
United Kingdom.

4 Thanks are given to team members, Dr. P.K. Fok, Dr. M.Y.
Ngan, Dr. K.C. Tang, and Mr. K.L. Wong, of the History of
Hong Kong Elementary Mathematics Education Project, for
allowing the use of the transcription in this chapter.

5 One of them is “find your pal”: students wear different hats
with numbers on the hats and they are asked to find a partner
in the classroom so that the numbers added together form the
prescribed sum.

6 The other columns being “topics”, “vocabulary”,
“equipment”, and “remarks”.

7 The interview with Mrs. Cheung was conducted in 2004.
8 Problems like “Find the dimensions of a rectangle if its area

is 12 cm2 and the perimeter is 14 cm”.
9 The e-mail communication with Ms. M.Y. Tang was done in

2004.
10 al-Kit_b al-mukhta_ar f_ his_b al-jabr wa’l-muq_bala

muq_bala (The compendious Book on Calculation by
Completion and Balancing) of Ab_ Jacfar Muhammad ibn
M_s_ al-Khw_rizm_ (around 825)

11 For problems like “How many girls are there if boys
constitutes 3/5 of the class and the difference between boys
and girls is 8”, some schools require that one should not
write: “Let there be x students. (3/5 – 2/5)x = 8, hence x = 40
[this is step 1]. Therefore the number of girls = 16 [this is step
2]”. Instead, one has to write: “Let the number of girls be y.
(3/5 – 2/5) ¥ y/(2/5) = 8. Therefore y = 16”.
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Appendix Algebraic Topics in Different Versions of the Hong Kong Elementary Mathematics Curriculum
1967/1973 1983 1996/2000

Grade 1
First term

5. Introducing Symbols
Using a symbol to represent a
number, e.g., 2 + 3 = o, 4 + _ = 5.

1.4 Numbers to 20
4. Practice in basic addition and

subtraction, including finding a
missing number *,e.g., 3 + o =
4.

Remarks: * The activities on the
composition of numbers and
exercises in finding a missing
number should be within the scope of
the 100 basic addition facts from
adding two single-digit numbers and
the 100 corresponding subtraction
facts. Examples outside the scope,
e.g. 12 + o = 18, 17 – o = 16
should not be included.

Grade 1
Second
term

2. More Adding and Subtracting
Basic combination of addition and
subtraction (reteaching).
Addition of numbers up to 2 digits
including carrying.
Subtraction of numbers up to 2
digits, excluding decomposition.
Recognition and use of the simple
brackets “( )” through concrete
examples.
Addition of three or more numbers,
the sum being up to 99, a preparatory
step to multiplication.
Relationship between addition and
subtraction (reteaching), e.g.,

Commutative property of addition
(reteaching)

Note: * This may first be interpreted
as “three plus a number equals eight,
what is the number?” and secondly
as “3 + o = 8. What number should
be written in the square?”

Grade 2
First term

2. More Adding and Subtracting
Adding of numbers, the sum being
up to 3 digits.
Relationship between addition and
subtraction (reteaching), e.g.,

Subtraction in 2 digits with
decomposition from tens to units.

8 – 3 = ?
8 – ? = 5

3 + 5 = 8
3 + ? = 8*

8 – 5 = ?
8 – ? = 3

3 + 5 = 8
3 + ? = 8
? – 5 = 8
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Grade 3
First term

6. Introducing Algebraic Symbols
Using a symbol to represent a
number (reteaching), introducing the
use of algebraic symbols.
For example, 7 + Y = 9 may be
introduced as “what is the value of
Y? In other words, what number is
added to 7 to give 9?”

Grade 4
Second
term

4.16 Algebraic symbols
1. Introducing the use of a symbol to

represent a number through games
or other activities, e.g.,

In the above puzzle, if the same
result is obtained when adding up
the two numbers, across and down
,what is the x ?

2. Recording with algebraic
symbols, e.g.,
(a) “n plus one” is recoded as “n

+ 1”.
(b) “A man is x years old. Ten

years ago he was twenty years
old”, is recoded as “x – 10 =
20”.

3. Finding the unknown*, e.g.,
If 2 ¥ y = 10,
y = ( ).
The number used should be as
simple as possible.

Remarks: * There is no need to
mention “equation” at this stage.

Grade 5
First term

5.5 Simple equation
1. Revision of recording with

algebraic symbols.

2. Illustrating the principle of
solving an equation with the use
of an equalizer and other
apparatus.

3. Solving simple equations, limiting
to those requiring only one step in
the solution, e.g.,

(a) x + 1 = 3
(b) y – 2 = 5
(c) 2a = 10

# (d) n/3 = 6

4. Letting pupils make up equations
for each other to solve.

5. Solving simple problems by
equation.

6. Asking pupils to check the answer
after solving an equation or a
problem.

Remarks: # Avoid equations in which
the divisor or the denominator is an
unknown.

5A1 Elementary algebra
1. Using symbols or letters to

represent numbers.

2. Recording with algebraic
symbols, for example, “John is x
years old now, how old will he be
after 10 years?”
Recording as (x + 10) years old.

3
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Grade 5
Second
term

5.13 Simple equations
1. Solving simple equations, limiting

to those requiring at most two
steps in the solution, e.g.,
(a) 2x + 4 = 10
(b)

(c) 3x = x + 8

2. Solving simple problems by
equation.

3. Asking pupils to check the answer
after solving an equation or a
problem.

5A2 Simple equations (I)
1. Understanding the concept of

equations.

2. Solving simple equations
involving one step in the solutions
and check the answers (involving
whole numbers only).

3. Solving problems by simple
equations (involving only one step
in the solutions).

Grade 6
First term

6.4 Simple equations
1. Solving simple equations

involving fractions and decimals,
e.g.,
(a)

(b) x – 0.8 = 2.2
(c) p _ 25% = 3

2. Solving simple problems by
equation.

3. Asking pupils to check the answer
after solving an equation or a
problem.

Grade 6
Second
term

2. Introducing Algebraic Symbols
The use of a letter to represent an
unknown.
Very simple equations.

6A1 Simple equations (II)
1. Solving equations involving at

most two steps in the solutions,
and examining the results.

2. Solving problems by simple
equations (involving at most two
steps in the solutions).

Remark: Operations of like terms are
not included.

y ¥ =
2

3
4

y

2
1 2- =


